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The frequency dependence of the thermal boundary resistance between 
a solid and helium has been tested in earlier experiments [1 ] indica-
ting a smooth and structureless transition between regular und anoma-
lous Kapitza resistance. In our experiments, carried out with tunable 
monochromatic phonons, we find a sharp threshold in the decrease of 
reflectivity at about 85 GHz with additional structures at higher fre-
quencies for a solid surface in contact with liquid or gaseous" He. 
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Figure 1: Detector signal of an 
Al detector vs.the current of a 
Sn generator. The sample is in 
contact with 3 He or" He gas res-
pecti vely 
c; 
C 
til 
iii 
.s 
u 
.! 
• c 
:: 
is 
'He 
hlK 
Phonon Frequency [GHzl 
o 100 200 300 '00 
500 
Generator Current [mAl 
Figure 2: Bolometer signal vs. 
the current of a Sn generator 
obtained by the thermalizing 
arrangement which was immersed 
into liquid "He 
Our experimental arrangements are shown as insets in Fig. 1 - 3. 
The Sn generator emits monochromatic phonons [2,3] both into the sub-
strate and into helium. Phonons radiated into the substrate propagate 
ballisticallytoan Al junction working as a quantum detector lFig. 1]. 
The sample is in contact with 3He or "He gas respectively (p = psvp, 
T = 1.0 K). It is important to realize that phonons which are reflec-
ted at the generator/helium interface also contribute to the detector 
signal. At small currents some peaks (A) due to nonlinearities in the 
I-V characteristics of the generator are observed. The following pla-
teau is caused by a constant number of recombination phonons. Begin-
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Figure 3: Differential detector 
slgal vs. the current of a Sn 
generator obtained by gas sound 
experiments in a volume between 
two tunnel junctions 
ning with 0 GHz (B) monochromatic phonons are generated. If the phonon 
energy exceeds 2ADet (C) pairbreaking in the Al junction leads to a 
steplike sensitivity increase. At higher frequencies a significant dif-
ference in the detected phonon signal between 3 He and" He occurs. If 
"He gas is in contact with the sample a strong decrease of the phonon 
signal starting at 85 GHz is observed. After reaching a minimum at 
about 130 GHz the signal increases again, obviously at frequencies 
lower than 4t.Oet (D). If the sample was in contact with 3He gas a 
small decrease of the phonon signal at about 100 GHz is followed by a 
minimum at about 120 GHz. In contrast we observed a complete disappear-
ance of the frequency threshold phenomena when the generator first 
was covered with condensed nitrogen or a thin oil film and then was 
immersed into 1 i qui d "He or by keepi ng the samp1 e under vacuum l4J • 
We therefore conclude that enhanced phonon transport from the ge-
nerator into "He starts at 85 GHz. A corresponding threshold of in-
creased phonon transport into 3 He is found at 100 GHz. 
With a new ki nd of bolometer [5] we cou1 d extend both t he observ-
able frequency ran~e from 0 GHz to 285 GHz and the temperature range 
from 1.0 to 2.3 K L inset of Fig. 2]. Between 0 GHz (B) and 85 GHz the 
detector signal increases with increasing phonon frequency and is al-
most structure1ess, whereas at 85 GHz a breakdown in the reflectivity 
is observed followed by additional structures at about 130, 160, 205 
and 265 GHz. No significant influence of the helium temperature on the 
threshold frequency was observed in the temperature range from 0.95 K 
to the A point of "He, whereas at higher temperatures (normal fluid 
"He) only a small change in the signal slope at about 85 GHz occurs. 
To study the phonon transport into helium we used two tunnel junc-
tions which are mounted opposite each other [inset of Fig. 3]. The 
volume inbetween can be filled with gaseous or liquid helium respec-
tively [6]. The He temperature is adjustable between 0.5 K and 2.3 K. 
Fig. 3 shows the detector signal vs. generator current for different 
"He pressure. Considering only the upper curve of Fig. 3. (p = Psvp, 
T = 0.55 K) at small currents (Al a plateau occurs. With increasing 
current (B) monochromatic phonons are generated. At 85 GHz a strong 
increase of the detector singa1 is observed reaching its maximum at 
210 
about 130 GHz. At higher frequencies the signal increases again at 
160 GHz and 265 GHz. The onset freqency of 85 GHz for enhanced phonon 
transport into he1 ium di d not depend on the pressure of the It He gas 
in the range of 10.... Torr up to 1 i qui d he1 ium. Wi th 3 He gas between 
the junctions the threshold frequency shifts to 100 GHz. Both thres-
holds show a small temperature shift (roughly 20 t from 2.3 K to 0.5 
K) to lower frequencies with decreasing temperature. 
Below 1.0 K we observe at reduced It He ,!las pressure an additional 
structure (E) at frequencies below 85 GHz llower traces of Fig. 3.]. 
With increasing He pressure the structure shifts to lower frequencies 
and disappears before reaching saturated vapour pressure. The additio-
nal structure might result from film thickness resonances in the heli-
um film above the ~enerator surface, whose thickness increases with in-
creasi ng pressure l 7]. The threshold at 85 GHz is not affected by 
the observed fi 1m thickness resonances. With 3 He we have not observed 
similar structures as yet. 
Summarizing,we observed strongly enhanced phonon transport from a 
rea 1 soli d i Rto It He sta rt i ng at about 85 GHz whi ch is i nderndent of 
the He gas pressure up to liquid helium. With the isotope He the on-
set frequency for enhanced phonon transport shifts to 100 GHz. The 
threshold frequencies are almost independent of the He temperature in 
the range between 0.5 K and 2.3 K. Only slight shifts to lower frequen-
cies with decreasing He temperature have been observed. No significant 
influence of the generator material (Sn, Al, SiO) or the generator pre-
paration on the onset frequency has been observed. Moreover at low tem-
peratures and thin He films we observed an additional structure which 
might be interpreted as film thickness resonances in the He film lay-
er on the generator. 
Our results may be interrreted in terms of strong phonon coupling 
by resonant excitations [8 or two-level transitions [9] of adatoms 
or surface imperfection in the van der Waals potential of the surface. 
This is also indicated by the strong influence of the atomic weight of 
the helium isotope 3He and It He on the Kapitza threshold frequency. One 
finds that the ratio of the onset frequencies is about the square root 
of the mass ratio. Our results may also be compared with those of in-
elastic neutron scattering on grafoil with It He layers revealing dis-
persionless surface excitations, roughly at the same frequencies as 
we observed [ 10] • 
1 
2 
3 
4 
5 
[ 6] 
E.S. Sabisky and C.H. Anderson: Sol. State Com. 17, 1095 (1975) 
W. Eisenmenger and A.H. Dayem: Phys. Rev. Lett. 18, 125 (1967) 
H. Kinder: Phys. Rev. Lett. 28, 1564 (1972) --
O. Koblinger: Thesis (1983),-Unpublished 
O. Koblinger, U. Heim, M. Welte, and W. Eisenmenger: 
Phys. Rev. Lett. 51, 284 (1983) 
U. Heim, R.J. Schweizer, O. Koblinger, M. Welte, W. Eisenmenger: 
J. Low Temp. Phys. 50, 143 (1983) 
C.H.Anderson and E.S. sabisky: Phys. Rev. Lett. 24, 1049 (1970) 
M. Vuorio: J. Phys. C. 5, 1216 (1972) 
T. Nakayama: J. Phys. C: 10, 3273 (1977) 
H.J. Lauter, H. Godfrin, Co Tiby, H. Wiechert, P.E. Obermayer: 
Surface Science. 125, 265 (1983) 
211 
